382 Dr. T. R. Merton. 

conductivity. In the case of glass, it is 2500 times as large, while in the 
case of vulcanised indiaruhber, the maximum A.C. value is even 16,000 
times as large as the A.C. value at n = 1000 -^ per second. 

5. The constant hysteresis loss per cycle at low frequencies tends to become 
zero at very high frequencies. 

6. The dielectric constant after a rapid drop at low frequencies, slowly 
decreases as the frequency rises. 

In conclusion, I wish to express my indebtedness to Dr. J. A. Fleming, F.R.S., 
for placing the resources of his laboratory at my disposal, and for much 
valuable advice during the course of the work which was carried out during 
the years 1913 and 1914. 



On the Secondary Spectrum of Hydrogen, 
By T. R. Merton, M.A., D.Sc. 

(Communicated by Prof. A. Fowler, F.E.S. Eeceived August 15, 1919.) 

[Plates 6 akd 7.] 

Theoretical investigations of the origin of spectra in relation to the 
structure of the atom have concentrated especially on the spectrum of 
hydrogen, on account of the supposed simplicity of the hydrogen atom. They 
have, however, been confined almost exclusively to the Balmer series, and 
have ignored the difficulties which arise from the fact that hydrogen 
possesses another spectrum, usually known as the secondary spectrum, which 
is of great complexity, and the co-ordination of whose lines into recognised 
bands or series of lines is still in a very unfinished state. The investigations 
of Buisson and Fabry,* in which the physical widths of spectrum lines were 
measured with the interferometer, refer at least a part of the lines of the 
secondary spectrum to the hydrogen atom, and the complications introduced 
into theoretical investigations cannot therefore be impartially waived by the 
assumption that the molecule is concerned in the production of the secondary 
spectrum. 

As regards the relation of the two spectra, there is abundant evidence of a 
fundamental difference in their origin. In many celestial spectra the lines of 
the Balmer series constitute one of the most prominent features, whilst the 
identification of lines of the secondary spectrum is at least extremely 

* 'Journal de Physique,' vol. 2, p. 442 (1912). 
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doubtful. In the laboratory it has long been known that the relative 
intensity of the secondary spectrum is greatly reduced by the presence of 
impurities, notably oxygen, in vacuum tubes containing hydrogen, and by the 
passage of powerful condensed discharges. On the other hand, under 
conditions in which an uncondensed discharge from an induction coil is 
passed through very dry and pure hydrogen at a reduced pressure, the lines of 
the secondary spectrum may rival those of the Balmer series in intensity. 

It would appear that little progress is to be looked for in the co-ordination 
into series of the lines of a spectrum of such complexity without recourse to 
physical methods which are capable of showing that certain lines or groups 
of lines are related, by the fact that their relative intensities alter in the 
same way, or that they vary in the same way in some other respect, under 
different physical conditions of excitation. Dufour,* has shown that many 
of the lines can be separated into the categories of those which do and those 
which do not show the Zeeman effect, but a complete segregation of the 
spectrum into two classes by this method would seem to be very difficult, 
owing to the intrinsic faintness of many of the lines, which must of course 
be examined under a high dispersion in experiments of this kind. Dufour 
has also pointed out that the frequency differences of some of the weak lines 
are constant. 

We owe an important advance in the elucidation of the spectrum to 
rulcher,f who has shown that in low potential discharges the lines of the 
Balmer series become weaker, and that certain lines of the secondary spec- 
trum can be seen to stand out very prominently under these conditions, 
whilst others are very faint, in comparison with their relative intensities, 
when the spectrum is examined of vacuum tubes excited by the uncondensed 
discharge from an induction coil. Fulcher showed that the differences in 
wave-length between many lines in the red and yellow regions were constant, 
and that they could thus be arranged into groups resembling bands, these 
" band " lines being the lines which were relatively enhanced in the spectrum 
of the low potential discharge spectrum, whilst (with two possible exceptions) 
the lines which were weaker in the low potential spectrum belonged to the 
class for which Dufour {loc, cit.) had observed the Zeeman effect. Measure- 
ments of the wave-lengths of the lines of the secondary spectrum have been 
made by Watson,|Hasselberg,§ Porlezza, and Porlezza and Norzi.jl A number 
of other observers have given measurements of a few of the lines. 

* * Annal. Chim. Phys.' [8], vol. 9, p. 416 (1906). 
t ' Astrophys. Journ.,' vol. 37, p. 60 (1913). 
X ' Roy. Soc. Proc.,' A, vol. 82, p. 189 (1909). 
§ * Mem. Acad. St. Petersb.' [7], vol. 31, No. 14 (1883). 
* Atti R. Accad. Lincei,' vol. 20 [2], p. 178 (1911), and vol. 20 [1], p. 822 (1911). 
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The marked variations in the intensities given by different observers^ 
which seem in many cases quite outside the range of personal error, at once 
suggest that the relative intensities vary in a manner which is controlled by 
physical conditions which have not been precisely specified. As an example. 
Frost* has measured the wave-lengths of a number of the stronger lines 
between X = 4723 A. and X = 4358 A. in the spectrum given by tubes 
containing a mixture of helium and hydrogen, and the intensities which he 
gives differ very conspicuously from those given by other observers. 

It was intended to make an attempt to resolve the spectrum into groups of 
lines which showed a similar behaviour under different physical conditions, 
by investigating in the first instance the changes in the relative intensities of 
the lines which accompany a change of pressure in the discharge tube, the 
intensities being measured by means of the wedge method, which has been 
described in previous communications,f and a number of experiments have 
been conducted on these lines. The pressure in the vacuum tubes which 
were used was controlled by means of a short length of palladium tube^ 
closed at one end and welded at the other to a platinum tube, the open end 
of which was sealed into a glass tube connected to the vacuum tube. The 
pressure of pure hydrogen in the vacuum tube could be raised, without 
introducing any impurities, by heating the palladium tube either in a 
current of hydrogen or in the centre of a flame of burning hydrogen, or 
lowered until the walls of the vacuum tube showed a bright green 
fluorescence, by heating the palladium in the highest point of the flame 
of a Bunsen burner, where the partial pressure of hydrogen is very low. 

The results were promising in many respects, since they showed that the 
Fulcher bands become relatively brighter at low pressures, and at the same 
time there is a marked enhancement of the lines in the region of about 
X = 5700 A. to X = 5000 A. In the more refrangible region there is no 
conspicuous change in the relative intensities, but the intensity of the 
continuous spectrum is reduced at low pressures. It is probably on account 
of this continuous spectrum, which seems to increase in intensity in a 
regular manner towards the more refrangible region of the spectrum, that 
the difference in the spectrum at high and low pressures appears rather 
striking when the spectra are examined visually under a low dispei^sion ; '.but 
the spectrograph which was available for measurements made in this manner 
was of somewhat too low a dispersion to afford the prospect, in view of the 
complexity of the spectrum, of a very complete segregation of the lines into 
different classes, though there is no doubt that results of some value would 

^ * Astrophys. Journ./. vol. 1.16, p. 100 (1902). 

t ^.(7., Merton and Nicholson, ' Phil. Trans.,' A, vol. 217, p. 237 (1917). 
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be obtained with a spectrograph which was better suited to the investigation. 
This line of attack has been for the present postponed, owing to the discovery 
of a more potent method of altering the physical conditions by which the 
secondary spectrum can at once be sharply segregated into definite groups of 
lines. 

It has been found that when hydrogen at a partial pressure of less than a 
millimetre is present in helium in vacuum- tubes filled at a pressure of about 
40 mm., the spectrum is remarkably different from that of pure hydrogen. 
As seen visually under a small dispersion, the effect is not very striking, but 
an examination with higher resolving power shows that the changes are of a 
fundamental character. The spectra have been photographed in the first 
order of a concave gratino: of 4 feet radius of curvature and ruled with 
20,000 lines to the inch, which was mounted according to Eagle's method, 
the dispersion on the plate being almost exactly 10 A. per millimetre. 

With this instrument, photographs in, juxtaposition were taken of the 
spectrum of a high-pressure helium-hydrogen tube and of a tube containing 
pure hydrogen at a pressure of a few millimetres, which was filled and 
regulated in the manner described above. The tubes were excited by the 
uncondensed discharge of an induction coil. \ In the more refrangible parts 
of the spectrum there is little difference, but in the red and yellow regions it 
is found that a large number of lines are greatly enhanced in the tubes 
containing helium, some of these being extremely faint in the spectrum of 
pure hydrogen, and that a number of new lines appear. There is another 
class of lines whose relative intensities are unaffected by the presence of 
helium, whilst a third class are affected in the sense that they become very 
weak or disappear. Small changes of intensity under different physical 
conditions would not constitute a safe criterion for the segregation of lines 
into classes, for it is, known* that lines belonging to the same series may 
undergo changes in their relative intensities under different conditions of 
excitation, but the changes which occur in the secondary spectrum of 
hydrogen, as a result of the presence of a large quantity of helium, are of a 
magnitude which leaves little room for doubt that a separation of the lines 
into physically related groups has been effected. 

It has been mentioned above that the spectrum of a mixture of hydrogen 
and helium has been examined by Frost {loc. cit), but his observations were 
confined to regions of the spectrum where the changes which occur are very 
slight, and it is likely that the pressure in bis tubes was too low to show the 
phenomena. There seems little doubt that the new lines observed are to be 
assigned to hydrogen. They certainly do not occur in the spectrum of pure 

* Cf. Merton and Nicholson, loc. ciU 
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helium, and nearly all of the strongest lines from the high-pressure helium- 
hydrogen tubes are visible in pure hydrogen. Of the lines which are 
especially characteristic of these tubes, it is only (with a few exceptions) 
some of the weaker ones which are not seen at all in the spectrum of pure 
hydrogen. 

There is naturally some ambiguity as to the correct exposures to be given 
for the purpose of dividing up the lines, but a plate in which the line Ha of 
the Balmer series appears somewhat more strongly in the spectrum of the 
helium-hydrogen tube seems to exhibit the phenomena very favourably, and 
this plate has accordingly been selected for the estimation of intensities. An 
examination of the spectrum of hydrogen reveals the fact that with long 
exposures a large number of lines, hitherto unrecorded, can be seen on the 
plate. Long exposures of the spectrum of the mixture of helium and 
hydrogen also show an immense number of faint lines. This is only to be 
expected in a spectrum which may be supposed to consist (at least in part) 
of bands, but it does not appear likely that the measurement of these very 
faint lines will be of much assistance at present in the elucidation of the 
structure of the spectrum. It is believed that the results can best be seen 
in the reproduction (Plates 6 and 7 ), in which the two spectra are shown 
in juxtaposition, with a wave-length scale adjoining the spectrum of 
hydrogen ; the wave-lengths can be read with sufficient accuracy for 
identification in Watson's {loc. cit.) Tables. The principal helium lines are, 
of course, visible in the spectrum of the mixture. 

It will be seen that the most conspicuous changes occur in the less 
refrangible regions. In the green and the more refrangible parts of the 
spectrum all the lines afe greatly reduced in intensity in the spectrum of the 
mixture, but apart from this, and a few lines which seem abnormally weak, 
there is no conspicuous difference. The subjoined Table gives a list of lines 
which are either enhanced or unaffected in intensity by the admixture of the 
helium. These have been measured, using Watson's lines as standards, and 
it is believed that on his scale the values given are correct to a few 
hundredths of an Angstrom. All lines not recorded in the Table are weaker 
in the helium-hydrogen mixture. My own measurements of the few of these 
lines which occur in Watson's list are given ; they have been derived from an 
error curve drawn through the readings of a number of lines measured by 
Watson and, excepting a few lines for which he found very low intensities, 
the results are in close agreement; indicates that a line is just visible, and 
—•that it is absent ; a ? is added in cases in which it is doubtful whether 
the line in the helium-hydrogen mixture corresponds with a line in the 
spectrum of pure hydrogen. 



Merton, 



Boy. Soc, Ptoc , A, vol, 90, PI. 6. 



5.400 



6,000 



SSD0 



6,100 



6200 



mM 



6,500 



litS 



6400 



5,900 



6,500 



^m 






Merton. 



Roy. Soc, Proc, A, vol. 96, PI, 7. 












•At,^j>ji4fir6in!v|«.-h 



U 



4.500 



K^^iSeO^^^^Sia^!^ t;^ 









• gftaM I ' MawaMaaigw^^^ (■js ' W'- g gi" 



4,900 



'J •' 



(Sin *'jf ^"^ <r ' 



' % 









S(^eilKei3HK»;ft;)«fci'«c?' i.j 



■ W(itlH l W|W r wW]>, i > | iiB i »t <j.. a..i ii. hww»<S 



'" ■» 7! 



4MlMnSi|H<0>lt^l9M(Alfr»<*>Mi 










/w^^se®- iS»'Sisvs- 's>sr«»*!' <j 



. mmw> »iw> i i » i »M iii [ i I M » n iin i jj wwiimiiiwtimwWw 



4^,4-00 



.iSiKasiSJrj^TOtss^;:^'^-' 



5,000 



4500 



5,100 



4600 



•mtm 



•~ r t" T i "l I I I " I i r ii li f iiiii n jiillinl <tf l nn i 



■ ) iiihi n il I I Ml i n wi nw ii ili i Wi w MiiVi 



5.200 



I'liri'i ""iTTTTn~'ri"niriittfwwiBi'li 

. m ii wii i i iii i w .i iiiiii »r .i t ii i iii i >i m i ii i* H Mi )|H (i a( i B i ';jf 

*ifci*fcii ww* «<iw i MMr n«»«i «%f -Mb ft tmiiinni - '- - - 



<«$SiitiaB»>iS»ailSS!ii(^^ 






■VMUMMKHMtiMril^ 



4700 



^StimiSSmtSt 



5.300 






■'=r'<;«-«a!^ 




4,800 



5400 



On the Secondary Spectrum of Hydrogen, 



387 



List of Lines which are strengthened or unaffected in the presence of 

Helium. 





Intensifcy 


Intensity in 




Intensity 


Intensity in 


X. 


in pure 


hydrogen and 


X. 


in pure 


hydrogen and 




hydrogen. 


helium. 




hydrogen. 


helium. 


6496 -02 





1 


5887 -56 


• 





6412 -01 


1 


1 


5881 -75 




2 


6393 26 




1 


5868 -45 


■ II 


2 


6318 -92 


1 


3 


5857 -36 


4 


2 


6287 -21 







5851 -98 


2 


2 


6276 -39 




1 


5849 -54 


4 


8 


6260 -33 




1 


5847 -49 





5 


6246-98 


2 


2 


5839-37 


? 

• 


1 


6236 -14 


2 


4 


5838 -05 


• 


1 


6194 -03 


<o 





5831 -26 


2 


7 


6186 -74 




1 


5829 -00 







6181 -74 


— - 


1 


5824 -78 


1 


3 


6161 -82 


6 


8 


5819 -60 


2 


8 


6159 -73 


2? 


2 


5815-27 


P 

• 


5 


6141 -12 




4 


5812-84 


6 


10 


6119 -19 


3 


3 


5811 -72 


1 





6112-98 




1 


5804 -96 


2 


4 


6111-29 




1 


5801-34 


2 


4 


6089 -97 





4 


5799-15 


3 


3 


6085-48 




5 


6794 -84 


3 


8 


6072 -21 


? 

• 


2 


5791 -97 


4 


8 


6066-82 


3 


3 


5788 -47 


2 


3 


6058 -50 




3 


6783 -18 


1 


2 


6056 -33 


1 


5 


5779-17 


3 


6 


6045 -59 


1 


3 


5772 -62 




2 


6042 -90 


1 


4 


5766 *08 


? 


7 


6032 -16 


10 


12 


5760 -59 


2 


2 


6023 -97 


6 


8 


5756 -73 




3 


6018 -54 


10 


10 


5755 -81 


1 


2 


6007 '06 


2 


5 


5754 -83 







6003 -07 


7 


9 


5732 12 


7 


7 


5998 -28 


1 


2 


6728 -72 


7 


7 


5994 -29 


5 


5 


6723 -59 


2 


2 


5987 -52 







5716 17 


1 


2 


5982 -82 


8 


10 


5703 -86 


2? 


7 


5976 -68 


10 


10 


5700 -84 


1 


4 


5974 -39 


3 


3 


5697 61 


1 


4 


5971 16 





1 


5692 -64 




2 


5963 -71 


5 


7 


5689 -42 


8 


8 


5959 -89 


• 7 


8 


5684 -28 


2 


4 


5956 -53 


1 


1 


5682 -67 


1 


4 


5947 -65 


5 


6 


5676 -83 




1 


5938 -88 


8 


10 


5674 '26 




1 


5936 -26 


3 


3 


5672 -95 





3 


5931 -63 


8 


10 


5667 -54 





3 


5929 -70 







5659 -63 





3 


5920 -99 


7 


8 


5657 -99 





1 


5916 -34 


7 


8 


5652 -73 





I 


5900 -71 


2 


3 


5647 -59 







5896 -14 


5 


5 


5642 -88 


3 


3 


5894 -25 


4 


4 


5627-65 





2 


5890 19 


5 


5 


5572 -68 




1 


5889 -23 


2 


2 


5560 -29 

1 








388 Dr. T, R. Merton. 

It will be of interest to discover whether the changes in the spectrum of 
hydrogen which are observed when helium is added, can be reproduced in 
any other way. Hitherto all attempts involving a change in the conditions 
:of electrical excitation have failed, but it is not unlikely that other elements 
of the group of inactive gases will be found to resemble helium in their 
effect. At present there seems to be no explanation of the phenomena, but 
it is hoped that the experimental results may be of use in theoretical 
investigations of the secondary hydrogen spectrum, the interpretation of 
which must constitute an important advance in our knowledge of the 
structure of the atom. 



On the Spectra of Isotopes. 
By T. R. Merton, M.A., D.Sc. 

Communicated by Prof. A. Fowler, F.R.S. Received October 1, 1919.) 

In a previous investigation* a comparison was made of a number of lines 
in the spectra of ordinary lead and of lead of radio-active origin. The wave- 
lengths of seven lines in each case were measured from plates taken with a 
concave grating, and were found to be identical for the two varieties of lead 
within the limits of experimental error, which was about 0*03 A. A further 
examination was made in the case of the line X = 4058 A., which is the 
brightest line in the spectrum, by measurement of the interference fringes 
obtained by means of a Fabry and Perot Malon, and it was concluded that any 
difference between the wave-lengths of this line in the two varieties of lead 
was less than 0*003 A., which was the mean error in these measurements. 

Aronbergf has recently made a comparison of the wave-length of the line 
X == 4058 A. in the spectrum of ordinary lead, and of lead obtained from 
Australian carnotite, and from measurements made on plates taken in the 
sixth order of a 10-inch Michelson grating, has found that the wave-length 
of this line in the spectrum of the lead of radio-active origin is less re- 
frangible than the line in the spectrum of ordinary lead by 0'0043 A. 

I have recently made a new series of measurements by a procedure greatly 
superior to that adopted in my previous investigations, and it now appears 
that my previous estimate of the accuracy wibh which the two wave-lengths 
were identical was somewhat too great, and that there is in fact a small but 

* * Roy. Soc. Proc./ A, vol. 91, p. 198 (1915). 
t * Astrophys. Journ.,' vol. 47, p. 96 (1918). 
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